Hakea sericea has been introduced to Portugal for ornamental purposes. The phytochemical composition and the antioxidant, antibacterial, antibiofilm and cytotoxic properties of this shrub species have been previously reported. The present work describes the bioassay-guided fractionation of the crude methanolic extract of H. sericea fruits and the isolation of 9-(3,5-dihydroxy-4-methylphenyl)nona-3(Z)-enoic acid. The structure of this new compound was established by one-and two-dimensional NMR and IR spectroscopy, and high-resolution mass spectrometry. The antibacterial properties of the new alkenylresorcinol were studied by determining its MIC values against several strains of Gram-positive and Gram-negative bacteria using the resazurin microtiter assay. The new alkenylresorcinol inhibited the growth of Enterococcus faecalis, Listeria monocytogenes and Bacillus cereus with MIC values of 0.31, 0.02 and 0.16 mg/mL, respectively. Good MIC values were obtained against Staphylococcus aureus strains (0.005 -0.16 mg/mL), including the clinical isolates (SA 01/10, SA 02/10 and SA 03/10) and MRSA strains.
Hakea is a genus of shrubs and small trees native to South Australia. Some taxa are disseminating very fast and have become invasive species through both non-protected and protected areas of New Zealand, South Africa and the Mediterranean basin. In Portugal, H. sericea Schrader (family Proteaceae) has been introduced for ornamental purposes and the formation of hedgerows, especially near the coastline [1] . A key characteristic of H. sericea is its extreme serotinous habit; all of its seeds are retained in pairs in tough woody follicles, which accumulate along the branches throughout the life of the plant [2] .
In a previous report H. sericea methanolic extracts were studied [3] . These demonstrated very good antioxidant properties, namely radical scavenging activity of DPPH free radicals and the inhibition of linoleic acid oxidation, which is an indicator of inhibition of lipid peroxidation [3] . These antioxidant properties could be associated with the presence of phenolics, tannins and flavonoids. It was also found that H. sericea possesses high concentrations of some secondary metabolites, namely alkaloids [3] .
Other researchers have studied Hakea spp. extracts and their promising antimicrobial properties against Staphylococcus aureus strains [1] . In a previous study focused on characterizing this shrub, the crude methanolic extract of H. sericea fruits exhibited pronounced antimicrobial activity, namely against S. aureus, including some methicillin resistant strains, together with inhibition of biofilm formation [4] . Moreover, it was also found that the fruit extract presented no toxicity towards NHDF cells, whereas for MCF-7 cells, this extract was able to decrease mitochondrial dehydrogenases activity by about 60% in the MTT test, indicating a relevant cytotoxicity towards these cancer cells and potential anti-carcinogenic properties [4] .
In the present study, the methanolic extract of H. sericea fruits exhibited pronounced antimicrobial activity against S. aureus, including some methicillin resistant strains (Table 1) . Based on such results it was decided to fractionate the extract to identify the compounds responsible for such biological activity. The crude methanolic extract was successively eluted with solvents of increasing polarity using silica gel column chromatography. The fractions were analyzed by TLC, which revealed the presence of phenolics (Folin-Ciocalteu's reagent), flavonoids (aluminum chloride), and antioxidant substances (DPPH).
Direct bioautography was used to evaluate the potential antimicrobial activity of the fractions. The developed chromatoplates were dipped into a cell suspension, and after incubation, it was possible to visualize the inhibition zones by using a vital dye. The evaluation of the activity was performed directly on the adsorbent layer [5] . Some fractions demonstrated good antimicrobial properties, especially for S. aureus strains, where cream-white inhibition zones were observed indicating the inhibition of growth. It was then possible to decide which fractions could be pooled and which ones had some biological activity; nine sub-fractions were obtained. The minimum inhibitory concentration (MIC) of each one of them against three strains of S. aureus was determined using the resazurin microtiter assay (Table 1 ). Resazurin, a blue colored redox dye, allows the detection of microbial growth in extremely small volumes of solution in microtiter plates without the use of a spectrophotometer [6] . This assay is based on the ability of viable and metabolically active cells to reduce resazurin to resorufin and finally colorless dihydroresorufin [7] . The MIC value for some sub-fractions was NPC Natural Product Communications 2013 Vol. 8 No. 10 1459 -1462 slightly lower than that of the crude extract. Specifically, sub-fractions C, D, F and I had the lowest MICs for S. aureus strains, indicating a potential antimicrobial activity.
From Table 1 , fractions D, F and I showed the best antibacterial activity and, in addition, were the purest ones (only one spot on TLC with some residual impurities). For that reason, these fractions were then analyzed by NMR and IR spectroscopy, and HRMS to elucidate the structure of the main compound responsible for the biological activity. It was possible to conclude that one major compound was present in all bioactive sub-fractions.
The compound was obtained as colorless oil. The IR spectrum displayed absorptions at 3550 -3200 (broad, s) and at 1710 cm -1 , indicating the presence of hydroxyl and carbonyl groups, respectively. The HRMS of the compound exhibited a molecular ion at m/z 278.151, which corresponded to the molecular formula C 16 H 22 O 4 . Analysis of the NMR spectra indicated that 9-(3,5dihydroxy-4-methylphenyl)nona-3(Z)-enoic acid (Figure 1 ) is the main compound of all the sub-fractions collected from column chromatography, giving a single spot on TLC. The 1 H NMR spectrum showed a pair of aromatic meta protons at  6.16 (1 H-2, singlet) and  6.07 (1 H-6, singlet), one aromatic methyl group at  1.92 (3H, singlet), as well as vicinal protons belonging to olefinic methines at  5.37 and 5.35 (2H, br t, J=9.5 Hz) and six methylenes at  2.78 (2 H-8´, m), 2.39 (2 H-1´, t, J=14.5 Hz), 2.03 (2H-5´, t, J= 11.9 Hz), 1.51 (2H-2´, m) and 1.28 (H-3´, H-4´, m).
The 13 C NMR together with DEPT90 and DEPT135 spectra indicated a total of 16 carbons including one carboxylic group at  180, four quaternary carbons ( 159.8, 157.5, 145.7, 108.7), four -CH, two of which are from one double bond at  131.2 and 129.3, and the others are aromatic protons at  107.8 and 107.5. The 13 C DEPT135 also showed one -CH 3 at  9.92 and six -CH 2 from the alkyl chain at  36.9 (adjacent to the benzene), 32.5, 30.6, 30.4, 28.2, and 26.9.
The two-dimensional 1 H-1 H COSY, 1 H-1 H TOCSY, 1 H-13 C HSQC and 1 H- 13 C HMBC experiments supported the proposed structure. The phase sensitive COSY revealed the coupling between the methylene protons of the alkyl chain, such as, H-9 and H-8; H-8 and H-6, H-7; H-6, H-7 and H-5; H-5 and H-4; H-2 and H-3, indicating that they are adjacent to each other. The carbons bonded directly to the different protons were identified from the HSQC spectrum (see Table 2 ). Furthermore, in TOCSY, long-range correlations were observed with H-3 and H-2, H-4, and H-4 and H-5, H-6, H-7, confirming the assignment of the olefinic methines.
In the HMBC spectrum, the C-5 hydroxyl (at  159.8) showed 3 J correlation with H-6 at  6.07 and a quaternary carbon at  107.8. Other 3 J connectivities were found for the quaternary C-3 hydroxyl (at  157.5) with the methyl protons at  1.92 and H-2 at  6.16. The alkyl protons H-9 (CH 2 at  2.39), in the HMBC spectrum, showed strong correlations with quaternary C-1 at  145.7, C-6 at  107.8 and C-2 at  107.5, confirming the assignment of aromatic meta protons (H-2 and H-6). A 2 J correlation by alkyl protons H-2 (CH 2 at  2.78) was found with the carbon of the double bond C-3 at  131.2 and the carboxyl carbon at  180.1. The alkyl protons H-5 (CH 2 at  2.03) exhibited strong 2 J correlation to C-6 and C-7 ( 30.6 and 30.4, respectively) and to carbon C-4 of the double bond at  129.3 completing the assignments of all protons and carbons for this molecule ( Table 2 ). Previous studies with other Hakea species led to the isolation and identification of 5-alkylresorcinols that cleave DNA [8] . The chemical and biological properties of other resorcinols isolated from plants are well described, namely their cytotoxic [9, 10] , anticarcinogenic [11] , antiproliferative [12] , antileishmanial [13] and antioxidant properties [14] .
The antimicrobial activity of the new resorcinol was tested against several strains of Gram-negative and Gram-positive bacteria, using the resazurin microtiter assay (Table 3 ). Very good antibacterial properties were demonstrated against the Gram-positive strains, with inhibition of the growth of E. faecalis, L. monocytogenes and B. cereus with MIC values of 0.31, 0.02 and 0.16 mg/mL, respectively. Good MIC values (0.005 -0.16 mg/mL) were obtained for S. aureus, including the clinical isolates SA 01/10, SA 02/10 and SA 03/10, and MRSA strains. This is consistent with the phenolic nature of the compound. 1 and 3) , indicating that the antimicrobial activity of the extracts is probably due to the new alkenylresorcinol derivative. However, the new resorcinol was not inhibitory to Gram-negative strains of bacteria, probably due to its large chemical structure, which prevents its entry into those bacteria. It is not known exactly why Gram-negative bacteria should be less susceptible, but it may be related to the outer membrane of Gram-negative bacteria, which endows the bacterial surface with strong hydrophilicity and acts as a strong permeability barrier [15] . In conclusion, in this work a new alkenylresorcinol derivative, 9-(3,5-dihydroxy-4-methylphenyl)nona-3(Z)-enoic acid, was isolated and characterized from the methanolic extract of H. sericea fruits. This compound demonstrated very good activity against Gram-positive bacteria. It was possible to conclude that the antimicrobial activity of this shrub is probably due to the new alkenylresorcinol derivative.
Experimental
Plant material: Fruits of H. sericea were collected in Serra da Estrela (GPS coordinates: N 40º20.296'; W 07º27.491'; Altitude: 730 m). Plant materials were dried at 35ºC in a ventilated oven for 48 h and reduced to a coarse powder (< 2 mm) using a laboratory cutting mill. Harvesting, transport and storage of this plant species were authorized by the Portuguese Institute for Nature Conservation and Biodiversity (ICNB). The species was identified by a botanist and a voucher specimen (No. LISI 13/2011) has been deposited in the Herbarium of the Instituto Superior de Agronomia (Jardim Botânico d'Ajuda, Lisboa).
General: IR, Thermo Scientific Nicolet iS10 ATR-FTIR spectrophotometer; HRMS, microTOF(focus) mass spectrometer (Bruker Daltonics, Bremen, Germany); 1D and 2D NMR, Bruker Avance III 600 MHz spectrometer.
Extraction procedure: The methanolic extract of H. sericea fruits was obtained with a Soxhlet apparatus until the solvent became colorless, using approximately 100 g of raw material and 1000 mL of solvent. The extract solutions were filtered under vacuum using a crucible of porosity #2 and then distilled under reduced pressure until a final volume of 100 mL. Prior to use, the extracts were dried using a rotary evaporator under reduced pressure, and then dissolved in dimethyl sulfoxide (DMSO).
Bioassay-guided fractionation and isolation:
Based on the results of exploratory TLC, the methanolic crude extract of H. sericea fruits was fractionated by CC using silica-gel 60 (0.06-0.2 mm; 70-230 mesh) packed in light petroleum/diethyl ether (7:3). Elution was performed stepwise with solvents of increasing polarity, starting with light petroleum containing increasing amounts of diethyl ether and then eluted sequentially with chloroform, ethyl acetate, methanol and water. Fractions of 10 mL were recovered and the course of elution was monitored by TLC. Solvents were removed using a rotary evaporator at 45ºC. The fractionation process was repeated 4 times to achieve greater amounts of each fraction. At the end, 25 fractions were obtained. The fractions were analyzed by TLC using precoated TLC plates (silica-gel 60 F 254 aluminum sheets) eluted with two different polarity mixtures of solvents, as mobile phase: chloroform/ethyl acetate (1:1) and ethyl acetate/methanol (1:1). Fractions were dissolved in methanol and aliquots were applied to TLC plates. After elution, plates were visualized under visible and ultra-violet light (254 and 365 nm). Folin-Ciocalteu's reagent (0.2 N) was also used to identify phenolics; aluminum chloride (10%) for flavonoids; and methanolic solution of DPPH (40 µg/mL) for antioxidant activity. Quercetin, gallic, caffeic and chlorogenic acids (5 mg/mL) were used as positive controls. The fractions with the same R f value for the major spot were pooled together and thus the number of fractions was reduced from 25 to 5. These were sub-fractionated under the same conditions in order to obtain the purest fractions possible. 
9-(3,5-dihydroxy-4-methylphenyl)nona-3(Z)-enoic acid
Colorless oil IR: Absorptions at 3550 -3200 (broad, s) and at 1710 cm -1 . 1 H and 13 C NMR: were prepared and stored with 20% glycerol at -80ºC. The strains were sub-cultured on an appropriate agar plate 24 h prior to any antimicrobial test and when cultured from stock, they were subcultured before use. Brain Heart Infusion Agar (BHI) was used for the growth of bacterial species.
Bioautography: After elution, the TLC plates were subjected to direct bioautography [16] . The TLC plates spotted with subfractions were manually immersed (for about 10 s) in the bacterial suspensions. The inoculum was prepared by diluting 1:10 in Müller-Hinton broth (MHB) the direct bacterial suspension in saline solution of 0.5 McFarland (about 1-2×10 8 CFU/mL to nonfastidious bacteria). Then, TLC plates were placed in a moistened plastic box lined with wetted paper and incubated at 37ºC for 18 h. After incubation, they were sprayed with 0.2% MTT aqueous solution and incubated again at 37ºC for 30 min. One drop of TritonX-100/10 mL aqueous MTT was found to enhance the intensity of the color. In places with antimicrobial compounds, cream-white inhibition zones were observed [17] .
Resazurin microtiter assay:
The antimicrobial activity of crude extract, sub-fractions and new compound was assessed using resazurin microtiter assay. Plates were prepared under aseptic conditions. A sterile 96 well plate was labeled. A volume of 100 µL of sub-fractions in 10%, v/v, DMSO (stock concentration of 20 mg/mL in MHB) was pipetted into the first row of the plate. To all other wells 50 µL of MHB was added. Serial dilutions were performed using a multichannel pipette. Tips were discarded after use such that each well had 50 µL of the test material in serially descending concentrations. To each well, 10 µL of resazurin indicator solution (0.1 % diluted in MHB) was added. Using a pipette, 30 µL of fresh MHB was added to each well. Finally, 10 µL of bacterial suspension (0.5 McFarland) was added to the wells. Each plate was wrapped loosely with cling film to ensure that bacteria did not become dehydrated. Each plate had a set of controls: a column with a broad-spectrum antibiotic as a positive control, a column with all solutions with the exception of the test compounds, and a column with all solutions with the exception of the bacterial suspension, adding the respective volume of MHB instead. The plates were prepared in triplicate, and placed in an incubator set at 37ºC for 18 h. The color change was then assessed visually. Any color changes from purple to pink or colorless were recorded as positive. The lowest concentration at which change occurred was taken as the Minimum Inhibitory Concentration (MIC) value [6] .
